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1. 

ULTRA LOWNOX BURNER USING 
DISTRIBUTED DIRECT FUELNECTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to fuel burners and, more 

specifically, to a burner that produces low NOx levels. 
2. Description of the Related Art 
Water heaters employ burners to heat waterina tank. Many 

existing burners generate high temperature flames that cause 
nitrogen to react with oxygen in the combustion air so as to 
form mono-nitrogen oxides (referred to as “NOx), which are 
pollutants. Some burners employ configurations to reduce 
heat concentration of the flame, thereby reducing the flame 
temperature and, thus, reducing the amount of NOX produced 
during combustion. Many Such burners employ complicated 
systems for combining fuel and combustionair. More specifi 
cally, heating systems for natural draft waterheaters are more 
problematic by nature as the flue has very limited draft forc 
ing. The needs for low NOx systems further complicate the 
situation. Until recently only limited firing capacity could be 
achieved by low NOx burners that are not fan assisted. 

Therefore, there is a need for a simple combustion system 
that produces low NOx levels during combustion. 

SUMMARY OF THE INVENTION 

The present invention is directed to extending the power of 
low NOx high efficiency natural draft thermal systems. 
The disadvantages of the prior art are overcome by the 

present invention which, in one aspect, is a burner box that 
includes a housing, a fuel tube and a porous heat dissipating 
Surface. The housing is bounded by at least one sidewall and 
has a top and an opposite bottom. The top and the bottom are 
each open so that the sidewall defines an open passage that is 
configured to allow Substantially unimpeded vertical convec 
tive airflow upwardly from the bottom and so that 100% of all 
combustion air flows upwardly from the open bottom. The 
fuel tube extends into the passage defined by the housing. The 
fuel tube has an inner cavity that is confined by a tube walland 
that is in fluid communication with a fuel connection port 
outside of the housing. The tube wall includes a plurality of 
spaced apart orifices passing therethrough that are configured 
to distribute fuel received through the fuel connection into the 
open passage defined by the sidewall of the housing. The fuel 
tube is disposed at a distance from the top of the housing so 
that substantially all of the fuel distributed from the fuel tube 
is entrained by the combustion air before the fuel reaches the 
top of the housing, thereby forming a Substantially homog 
enous fuel/air mixture. The porous heat dissipating Surface is 
disposed across the top of the housing. The porous heat dis 
sipating Surface is configured to Support a flame resulting 
from combustion of the fuel/air mixture. The porous heat 
dissipating Surface includes enough open area so that the 
fuel/air mixture passes through the porous heat dissipating 
Surface Substantially unimpeded. The porous heat dissipating 
Surface is configured to dissipate heat from the flame mostly 
by radiation into the Surroundings and thus also serves to 
prevent flashback of the flame into the housing. 

In another aspect, the invention is a water heater that 
includes a water tank, a combustion space and a burner box 
assembly. The water tank is configured to hold water therein 
and has a bottom Surface. The water tank defines a flue pass 
ing upwardly therethrough. The combustion space is Sur 
rounded by an outer wall and is bound by the bottom surface 
of the water tank So that the combustion space is disposed 
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2 
beneath the bottom surface of the water tank. The combustion 
space is in fluid communication with the flue. The combustion 
space has a bottom area configured to allow air to pass 
upwardly therethrough substantially unimpeded. The burner 
box assembly is disposed in the combustion space and 
includes a burner box. The burner box includes a housing, a 
fuel tube and a porous heat dissipating Surface. The burner 
box assembly is configured to Support a flame so as to heat 
water in the water tank through the bottom surface of the 
water tank and the flue. 

These and other aspects of the invention will become 
apparent from the following description of the preferred 
embodiments taken in conjunction with the following draw 
ings. As would be obvious to one skilled in the art, many 
variations and modifications of the invention may be effected 
without departing from the spirit and scope of the novel 
concepts of the disclosure. 

BRIEF DESCRIPTION OF THE FIGURES OF 
THE DRAWINGS 

FIG. 1A is a side schematic view of a burner box. 
FIG.1B is a cross schematic view of the burner box shown 

in FIG. 1A, taken along line 1B-1B. 
FIG.1C is a top schematic view of the burner box shown in 

FIG 1A 
FIG. 1D is a top plan view of a burner box. 
FIG. 2A is a perspective view of an opened water heater. 
FIG. 2B is a schematic cross sectional view of a water 

heater of the type shown in FIG. 2A. 
FIG. 2C is an exploded view of the water heater shown in 

FIG. 2A. 
FIG.3 is a top plan view of one embodiment of a fuel tube. 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred embodiment of the invention is now described 
in detail. Referring to the drawings, like numbers indicate like 
parts throughout the views. Unless otherwise specifically 
indicated in the disclosure that follows, the drawings are not 
necessarily drawn to Scale. As used in the description herein 
and throughout the claims, the following terms take the mean 
ings explicitly associated herein, unless the context clearly 
dictates otherwise: the meaning of “a,” “an and “the 
includes plural reference, the meaning of “in” includes “in” 
and “on.” 
As shown in FIGS. 1A-1D, one embodiment of a burner 

box 100 includes a housing 110 that is bounded by at least one 
sidewall 112 (the embodiment shown is rectangular, with four 
sidewalls 112) that defines a passage 114. The top and the 
bottom of the housing 110 are substantially open so as to 
allow air to move freely upwardly through the passage 114. A 
fuel tube 120 extends into the passage 114. The fuel tube 120 
is in fluid communication with a fuel port 124 that is outside 
the housing 110. The fuel tube 120 includes a plurality of 
spaced apart orifices 122 that distribute fuel (e.g., natural gas, 
etc.) received from the fuel port 124 into the passage 114. In 
the embodiment shown, the fuel tube 120 is straight and the 
orifices 122 are evenly spaced apart along two spaced apart 
rows that run the length of the tube 120. The fuel tube 120 
extends through one of the walls 112 and is affixed to an 
opposite one of the walls 112 so as to hold the fuel tube in 120 
an alignment that results in fuel injection in a Substantially 
upward direction. Also, in one embodiment, the total orifices 
injection area ranges from 20% to 50% of the cross-sectional 
area of the fuel tube 120. The fuel tube 120 is placed at a 
distance from the top of the housing 110 so that substantially 
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all of the fuel distributed from the fuel tube is entrained by 
combustion air flowing upwardly through the passage 114 
before the fuel reaches the top of the housing 110. This results 
in a Substantially homogenous fuel/air mixture near the top of 
the housing 110. The housing 110 has dimensions such that 
100% of all combustion air flows upwardly from the open 
bottom of the housing 110, without any requirement for com 
bustion air to be brought in through the side. 
A metal mesh 130 (or other type of porous heat dissipating 

Surface. Such as a ceramic material) is disposed across the top 
of the housing 110. The mesh 130 supports a flame 10 that 
results from combustion of the fuel/air mixture. The mesh 130 
includes enough open area so that the fuel/air mixture passes 
through the mesh 130 substantially unimpeded. In one 
embodiment, the mesh 130 is a low resistance mesh having at 
least a 65% open area and can include a 24x24 mesh with a 
0.0075 inch diameter wire. The mesh 130 dissipates heat from 
the flame 10 and prevents flashback of the flame 10 into the 
housing 110. One embodiment may also include one or more 
supports 132 that maintain the metal mesh 130 with an 
upwardly curved shape, thereby increasing the Surface area of 
the mesh 132. An optional mesh 140 may be included adja 
cent to the bottom of the housing 110 as a flame arrestor to 
prevent flame from the burner from reaching the bottom and 
to prevent external fire from entering the housing 110. 

Distributing the fuel injection along the entire length of the 
fuel tube 120 into the upwardly flowing combustion through 
the entire height of the housing 110 results in substantially all 
of the fuel being entrained in the combustion air once it 
reaches the mesh 130. This results in a lower combustion 
temperature, which results in reduced NOX generation as a 
result of the combustion. 
As shown in FIGS. 2A-2C, a burner box 100 of the type 

disclosed above can be employed as part of a water heater 300 
that includes a water tank 310 that has a bottom surface 312 
and that has a flue 320 passing upwardly therethrough. Some 
embodiments may include additional baffles and heat transfer 
surfaces coupled to the flue 320. A combustion space 316 is 
defined between an outer wall 314 and the bottom surface 312 
of the water tank 310. The flame 10 is supported in the 
combustion space 316 on the mesh 130 and provides heat to 
the bottom surface 312 and to the surface of the flue 320, 
thereby heating the water in the tank 310. 
Abase320 that includes a plurality of holes 322 is disposed 

under the burner box 100 and allows air to pass freely 
upwardly therethrough. A radiation shield plate 324 is placed 
between the bottom of the burner box 100 and the base 320 to 
prevent heat from the burner box 100 from harming the floor 
beneath the water heater 300. An optional mesh 140 may be 
included as a flame arrestor to prevent flame from the burner 
to reach to the bottom and to prevent external fire from enter 
1ng. 
A plenum 330 may be disposed within the combustion 

space 316 and around the burner box 100 so as to separate it 
from the bottom of the water heater 300. In one embodiment, 
the plenum 330 has at least one outer dimension so that 
thermal acoustic noise is substantially reduced in the com 
bustion space 316, resulting in a quiet operation. The plenum 
330 defines a compartment 342 into which the burner box 100 
fits. An opening in the outer wall 314 allows access to the 
burnerbox 100 and a curved plate 346 isolates the combustion 
space 316 from outside of the water heater 300. 
Many different shapes for the fuel tube are possible without 

departing from the scope of the invention. For example, in one 
embodiment, as shown in FIG. 3, the fuel tube 620 can have 
a circular shape. In other embodiments, for example, the fuel 
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4 
tube may be semicircular, or include two spaced-apart semi 
circular halves connected to a central coupling. 

While awater heater is disclosed herein, it should be under 
stood that other fluids may be heated with a burner box of the 
type disclosed above without departing from the scope of the 
invention. 
The above described embodiments, while including the 

preferred embodiment and the best mode of the invention 
known to the inventor at the time of filing, are given as 
illustrative examples only. It will be readily appreciated that 
many deviations may be made from the specific embodiments 
disclosed in this specification without departing from the 
spirit and scope of the invention. Accordingly, the scope of the 
invention is to be determined by the claims below rather than 
being limited to the specifically described embodiments 
above. 
What is claimed is: 
1. A burner box, comprising: 
(a) a housing bounded by at least one sidewall, the housing 

having a top and an opposite bottom, the top and the 
bottom each open so that the sidewall defines an open 
passage that is configured to allow Substantially unim 
peded vertical convective airflow upwardly from the 
bottom so that 100% of all combustion air flows 
upwardly from the open bottom; and 

(b) a fuel tube extending into the passage defined by hous 
ing, the fuel tube having an inner cavity that is confined 
by a tube wall and that is in fluid communication with a 
fuel connection port outside of the housing, the tube wall 
defining a plurality of spaced apart orifices passing 
therethrough that are configured to distribute fuel 
received through the fuel connection into the open pas 
sage defined by the sidewall of the housing, the fuel tube 
disposed at a distance from the top of the housing so that 
substantially all of the fuel distributed from the fuel tube 
is entrained by the combustionair before the fuel reaches 
the top of the housing, thereby forming a Substantially 
homogenous fuel/air mixture; and 

(c) a porous heat dissipating Surface disposed across the top 
of the housing, the porous heat dissipating Surface con 
figured to Support a flame resulting from combustion of 
the fuel/air mixture, the porous heat dissipating Surface 
including enough open area so that the fuel/air mixture 
passes through the porous heat dissipating Surface Sub 
stantially unimpeded, the porous heat dissipating Sur 
face configured to dissipate heat from the flame and to 
prevent flashback of the flame into the housing, 
wherein the fuel tube comprises a straight tube that 

extends from a first side of the housing to an opposite 
second side of the housing and 

wherein the orifices are evenly spaced apart along two 
spaced apart rows that run the length of the tube. 

2. The burner box of claim 1, wherein the fuel tube has a 
cross-sectional area and wherein the orifices Subtend from 
20% to 50% of the tube cross-sectional area. 

3. The burner box of claim 1, wherein the porous heat 
dissipating Surface comprises a metal mesh. 

4. The burner box of claim 3, wherein the mesh is a low 
resistance mesh having at least a 65% open area. 

5. The burner box of claim3, wherein the mesh is a 24x24 
mesh with a 0.0075 inch diameter wire. 

6. The burner box of claim 3, further comprising at least 
one Support that is configured to maintain the metal mesh with 
an upwardly curved shape. 

7. The burner box of claim 1, wherein the housing has a 
rectangular plan shape with a first pair of walls that are sepa 
rated by a first distance and a second pair of walls that are 



US 9,038,576 B2 
5 

separated by a second distance, in which the first distance is 
greater than the second distance and wherein the tube has a 
length that is substantially the first distance. 

8. The burner box of claim 7, wherein a first one of the first 
pair of walls comprise an opening passing therethrough 
through which the fuel tube extends, an end of the fuel tube 
affixed to a second one of the first pair of walls so as to hold 
the fuel tube in an alignment that results in fuel injection in a 
Substantially upward direction. 

9. The burner box of claim 1, further comprising a flame 
arrestor disposed adjacent to the bottom of the housing. 

10. The burner box of claim 9, wherein the flame arrestor 
comprises a metal mesh. 

11. A water heater, comprising: 
(a) a water tank configured to holdwater therein and having 

a bottom surface and defining a flue passing upwardly 
therethrough; 

(b) a combustion space Surrounded by an outer wall and 
bound by the bottom surface of the water tank so that the 
combustion space is disposed beneath the bottom Sur 
face of the water tank, the combustion space in fluid 
communication with the flue, the combustion space hav 
ing a bottom area configured to allow air to pass 
upwardly therethrough Substantially unimpeded; 

(c) a burner box assembly disposed in the combustion 
space and including: 
(i) a housing bounded by at least one sidewall, the hous 

ing having a top and an opposite bottom, the top and 
the bottom each open so that the sidewall defines an 
open passage that is configured to allow substantially 
unimpeded vertical convective airflow upwardly from 
the bottom so that 100% of all combustion air flows 
upwardly from the open bottom; and 

(ii) a fuel tube extending into the passage defined by 
housing, the fuel tube having an inner cavity that is 
confined by a tube wall and that is in fluid communi 
cation with a fuel connection port outside of the hous 
ing, the tube wall defining a plurality of spaced apart 
orifices passing therethrough that are configured to 
distribute fuel received through the fuel connection 
into the open passage defined by the sidewall of the 
housing, the fuel tube disposed at a distance from the 
top of the housing so that substantially all of the fuel 
distributed from the fuel tube is entrained by the com 
bustion air before the fuel reaches the top of the hous 
ing, thereby forming a substantially homogenous 
fuel/air mixture; and 

(iii) a porous heat dissipating Surface disposed across the 
top of the housing, the porous heat dissipating Surface 
configured to Support a flame resulting from combus 
tion of the fuel/air mixture, the porous heat dissipating 
Surface including enough open area so that the fuel/air 
mixture passes through the porous heat dissipating 
Surface Substantially unimpeded, the porous heat dis 
sipating Surface configured to dissipate heat from the 
flame and to prevent flashback of the flame into the 
housing; and 

(d) a plenum disposed within the combustion space and 
around the burner box assembly, the plenum having at 
least one outer dimension configured to interfere with 
acoustic harmonics in the combustion space, 
wherein the burner box assembly is configured to sup 

port the flame so as to heat water in the water tank 
through the bottom surface of the water tank and the 
flue 14, 
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6 
wherein the fuel tube comprises a straight tube that 

extends from a first side of the housing to an opposite 
second side of the housing and 

wherein the orifices are evenly spaced apart along two 
spaced apart rows that run the length of the tube. 

12. The water heater of claim 11, further comprising: 
(a) a base disposed under the burner box assembly that is 

configured to allow air to pass freely upwardly there 
through; and 

(b) a radiation shield plate configured to shield an area 
under the water heater from heat generated by the burner 
box assembly. 

13. The water heater of claim 11, wherein the fuel tube has 
a cross-sectional area and wherein the orifices Subtend from 
20% to 50% of the tube cross-sectional area. 

14. The water heater of claim 11, wherein the porous heat 
dissipating Surface comprises a metal mesh. 

15. The water heater of claim 14, wherein the mesh is a low 
resistance mesh having at least a 65% open area. 

16. The water heater of claim 14, wherein the mesh is a 
24x24 mesh with a 0.0075 inch diameter wire. 

17. The water heater of claim 14, further comprising at 
least one Support that is configured to maintain the metal 
mesh with an upwardly curved shape. 

18. The water heater of claim 11, wherein the housing has 
a rectangular plan shape with a first pair of walls that are 
separated by a first distance and a second pair of walls that are 
separated by a second distance, in which the first distance is 
greater than the second distance and wherein the tube has a 
length that is substantially the first distance and whereina first 
one of the first pair of walls comprise an opening passing 
therethrough through which the fuel tube extends, an end of 
the fuel tube affixed to a second one of the first pair of walls 
so as to hold the fuel tube in an alignment that results in fuel 
injection in a Substantially upward direction. 

19. The water heater of claim 11, further comprising a 
flame arrestor including a metal mesh disposed adjacent to 
the bottom of the housing. 

20. A burner box, comprising: 
(a) a housing bounded by at least one sidewall, the housing 

having a top and an opposite bottom, the top and the 
bottom each open so that the sidewall defines an open 
passage that is configured to allow Substantially unim 
peded vertical convective airflow upwardly from the 
bottom so that 100% of all combustion air flows 
upwardly from the open bottom; and 

(b) a fuel tube extending into the passage defined by hous 
ing, the fuel tube having an inner cavity that is confined 
by a tube wall and that is in fluid communication with a 
fuel connection port outside of the housing, the tube wall 
defining a plurality of spaced apart orifices passing 
therethrough that are configured to distribute fuel 
received through the fuel connection into the open pas 
sage defined by the sidewall of the housing, the fuel tube 
disposed at a distance from the top of the housing so that 
substantially all of the fuel distributed from the fuel tube 
is entrained by the combustionair before the fuel reaches 
the top of the housing, thereby forming a Substantially 
homogenous fuel/air mixture; and 

(c) a porous heat dissipating Surface disposed across the top 
of the housing, the porous heat dissipating Surface con 
figured to Support a flame resulting from combustion of 
the fuel/air mixture, the porous heat dissipating Surface 
including enough open area so that the fuel/air mixture 
passes through the porous heat dissipating Surface Sub 
stantially unimpeded, the porous heat dissipating Sur 
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face configured to dissipate heat from the flame and to 
prevent flashback of the flame into the housing, 
wherein the housing has a rectangular plan shape with a 

first pair of walls that are separated by a first distance 
and a second pair of walls that are separated by a 5 
second distance, in which the first distance is greater 
than the second distance and wherein the tube has a 
length that is substantially the first distance, and 

wherein a first one of the first pair of walls comprise an 
opening passing therethrough through which the fuel 10 
tube extends, an end of the fuel tube affixed to a 
second one of the first pair of walls so as to hold the 
fuel tube in an alignment that results in fuel injection 
in a Substantially upward direction. 

21. The burner box of claim 20, wherein the fuel tube has a 15 
cross-sectional area and wherein the orifices Subtend from 
20% to 50% of the tube cross-sectional area. 

22. The burner box of claim 20, wherein the porous heat 
dissipating Surface comprises a metal mesh. 

23. The burner box of claim 22, wherein the mesh is a 20 
24x24 mesh with a 0.0075 inch diameter wire. 

24. The burner box of claim 20, wherein the fuel tube is 
bent into a shape that is a selected one of circular or semicir 
cular. 
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